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(57)Abstract: *■ „ ^""""j' * 

PROBLEM TO BE SOLVED: To provide a method of j — s ^za 

cleaning a substrate or a film in which growth of an oxide \ J- ■ 

film is suppressed by preparing a cleaning solution 
obtained by diluting a chemical for cleaning with pure 

water in which dissolved gas or dissolved oxygen is ■■■'•Mf^r! 
preliminary reduced and cleaning the substrate or the f j ' 7 ^ a 

film on the substrate with the cleaning solution. j ^ 

SOLUTION: A silicon wafer 1 having a natural oxide film »■ - — - 

2 made of silicon dioxide on the surface is prepared. The 
natural oxide film 2 of the silicon wafer 1 is made to 

contain a metal impurity 3 such as aluminium, chrome, or j t^i**^ 



the like and particles are allowed to join from the air. A j" ^ - * 

mixture solution in which ammonia water, hydrogen I jv' 
peroxide, and pure water including oxygen are mixed is 
supplied to the silicon wafer 1. Subsequently, the natural 

oxide film 2 is cleaned with ultrapure water in which mAiwrnwHiy** 

dissolved oxygen is reduced to thereby remove the - \ \ 

metal impurity 3 attached on the natural oxide film 2. I 

After that, the surface of the silicon wafer 1 is dried. u — 

Consequently, the growth of the natural oxide film 2 on the silicon wafer 1 can be suppressed. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

"IThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]A cleaning method of a substrate, wherein dissolved gas or dissolved oxygen prepares a 
washing solution which diluted drugs for washing with pure water reduced beforehand and 
washes a film on a substrate or a substrate with said washing solution, or a film. 
[Claim 2]A cleaning method of the substrate according to claim 1 removing an oxide film on said 
substrate by said washing, or a film. 

[Claim 3]A cleaning method of the substrate according to claim 1 removing metal on said 
substrate by said washing, or a film. 

[Claim 4]A substrate pure method according to claim 1, wherein said washing solution has 
ordinary temperature or the degree of solution temperature beyond it including chloride of 
concentration beyond 0.1 wt%. 

[Claim 5]A cleaning method of the substrate according to claim 1, wherein said drugs for washing 
contain at least one of chloride, fluoric acid, ammonium, and ammonium fluorides, or a film. 
[Claim 6]A cleaning method of the substrate according to claim 1 when it is the mixed liquor of 
chloride and fluoric acid, an oxide film is formed in the surface of said substrate and said washing 
lotion agent washes said substrate with said washing solution, wherein it removes this oxide film 
with said washing solution, or a film. 

[Claim 7]A cleaning method of a substrate or a film characterized by comprising the following. 
A process of washing a substrate or a film on it with the 1st washing solution with which 
dissolved oxygen or dissolved gas diluted fluoric acid with pure water reduced beforehand. 
A process of washing said substrate or said film with the 2nd washing solution with which 
dissolved oxygen or dissolved gas diluted chloride with pure water reduced beforehand. 

[Claim 8]A cleaning method of a substrate which ****** preventing removing an oxide film on a 
substrate using the 1st washing solution that has ordinary temperature or the degree of solution 
temperature beyond it, and forming an oxide film on said substrate with the 2000th solution, or a 
film. 

[Claim 9]A cleaning method of the substrate according to claim 7 or 8 characterized by said 2nd 
solution having ordinary temperature or the temperature beyond it including chloride of 
concentration beyond 0.1 wt% at least, or a film. 

[Claim 10]A cleaning method of the substrate according to claim 7 or 8, wherein the surface of 
said substrate is covered with an oxide film, or a film. 

[Claim 1 1]A cleaning method of the substrate according to claim 10, wherein said oxide film is a 
chemicals oxide film formed with a mixed solution of ammonia, hydrogen peroxide solution, and 
pure water, or a film. 

[Claim 12]A cleaning method of the substrate according to claim 10, wherein said oxide film is an 
oxide film which said substrate reacts to oxygen in the atmosphere, and is formed, or a film. 
[Claim 13]A cleaning method of the substrate according to claim 1, 7, or 8, wherein the amount 
of dissolved enzymes of said pure water which reduced the amount of dissolved enzymes is 500 
ppb or less, or a film. 

[Claim 14]A cleaning method of the substrate according to claim 1, 7, or 8, wherein said 
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substrate or said film is placed into a closed system for washing of structure which discharges 
the atmosphere or oxygen compulsorily and is replaced with inactive gas or it intercepts the 
atmosphere or oxygen, or a film. 

[Claim 15]A cleaning method of the substrate according to claim 1, 7, or 8, wherein said 
substrate is a semiconductor substrate in which a semiconductor device should be formed, or a 
glass substrate, or a film. 

[Claim 16]A manufacturing method of a semiconductor device characterized by comprising the 
following. 

A process of washing a substrate which becomes either claim 1 paragraph or - the 15th 
paragraph from a semiconductor with a substrate of a statement, or a membranous cleaning 
method. 

A process of forming a film on said substrate. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]This invention relates to the method of washing the surface of a 
substrate or a film using a drug solution, and the manufacturing method of the semiconductor 
device which applies the cleaning method in more detail about the cleaning method of a 
substrate or a film, and the manufacturing method of a semiconductor device. 
[0002] 

[Description of the Prior Art]Semiconductor wafers, such as silicon, germanium, and a compound 
semiconductor, are used as a substrate of a semiconductor device. To make a semiconductor 
device to a semiconductor wafer, it is necessary to remove various pollutants which adhered on 
the surface of the semiconductor wafer as the pretreatment. The pollutant of resist used for the 
photoresist lithography at the time of semiconductor device formation or the pollutant out of the 
air, It may be incorporated into a semiconductor substrate, semiconductor membrane, or an 
insulator layer, and it is necessary to remove such a pollutant for equalization of an element 
characteristic, or improvement in the yield. 

[0003]As a pollutant, there are a particle-like thing, a metallic element, and an organic matter, 
for example, and a natural oxidation film is also contained depending on the case. In order to 
remove such a pollutant, a semiconductor wafer is immersed into a drug solution like the fluoric 
acid diluted with pure water, and the semiconductor wafer is washed. 
[0004] 

[Problem(s) to be Solved by the Invention] However, even if it removes the natural oxidation film 
formed in the surface of semiconductor membrane or a semiconductor substrate by drugs, there 
is a possibility that a natural oxidation film may be again formed in the semiconductor membrane 
surface or a semiconductor substrate surface of the washing process performed after that or 
the following drugs down stream processing. By using many kinds of high-concentration drugs at 
an elevated temperature, great exhaust air cost is added up and it has become a cause which 
also causes environmental pollution further. For example, although the mixed liquor which mixed 
chloride, hydrogen peroxide solution, and pure water is heated and used for the temperature of 
60 ** - 80 ** for the surface washing of a semiconductor substrate, the vaporized chloride 
becomes a factor which pollutes the atmosphere. 

[0005]The purpose of this invention is to provide the cleaning method of the substrate which 
performs a chemical treatment, or a film, and the manufacturing method of a semiconductor 
device, controlling growth of an oxide film and controlling evaporation of drugs moreover. 
[0006] 

[Means for Solving the Problem] 

(1) Dissolved gas or dissolved oxygen prepares a washing solution which diluted drugs for 
washing with pure water reduced beforehand, and solves the above-mentioned technical problem 
with a cleaning method of a substrate washing the substrate 1 with said washing solution, or a 
film so that it may illustrate to drawing 1 , drawing 6 , or drawing 9 . 

[0007]In a cleaning method of the substrate or a film, said washing removes the oxide film 2 on 
said substrate 1, or said washing removes metal on said substrate. In a cleaning method of the 
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substrate or a film, said washing solution has ordinary temperature or the degree of solution 
temperature beyond it including chloride of concentration beyond 0.1 wt%. 
[0008]In a cleaning method of the semiconductor substrate or a film, said drugs for washing 
contain at least one of chloride, fluoric acid, ammonium, and ammonium fluorides. In a cleaning 
method of the semiconductor substrate or a film, the surface of said semiconductor substrate is 
not covered with a chemicals oxide film. 

[0009]In a cleaning method of the substrate or a film, when said washing lotion agent is the 
mixed liquor of chloride and fluoric acid, an oxide film is formed in the surface of said substrate 
and said washing solution washes said substrate, said washing solution removes this oxide film. 

(2) A process of washing the substrate 1 or the film 2 of the surface with the 1st washing 
solution with which dissolved oxygen or dissolved gas diluted fluoric acid with pure water 
reduced beforehand so that the above-mentioned technical problem might be illustrated to 
drawing 6 , Dissolved oxygen or dissolved gas is solved with a cleaning method of a substrate 
having the process of washing said substrate 1 or said film 2 with the 2nd washing solution that 
diluted chloride with pure water reduced beforehand, or a film. 

[0010]In a cleaning method of the substrate or a film, said 2nd solution has ordinary temperature 
or the temperature beyond it including chloride of concentration beyond 0.1 wt%. 

(3) Remove the oxide film 2 on the substrate 1 using the 1st washing solution that has ordinary 
temperature or the degree of solution temperature beyond it, and solve with a cleaning method 
of a substrate which ****** preventing forming an oxide film on said substrate 1 with the 2nd 
washing solution, or a film. 

[001 1]In a cleaning method of the substrate or a film, said 2nd solution has ordinary temperature 
or the temperature beyond it including chloride of concentration beyond 0.1 wt%. In the above- 
mentioned substrate of (1), (2), or (3), or a membranous cleaning method, the surface of said 
substrate is covered with an oxide film. This oxide film is characterized by being the chemicals 
oxide film formed with a mixed solution of ammonia, hydrogen peroxide solution, and pure water. 
Said oxide film is characterized by being an oxide film which said semiconductor substrate reacts 
to oxygen in the atmosphere, and is formed. 

[0012]In the above-mentioned substrate of (1), (2), or (3), or a membranous cleaning method, it 
is characterized by the amount of dissolved enzymes of said pure water which reduced the 
amount of dissolved enzymes being 500 ppb or less. In the above-mentioned substrate of (1), (2), 
or (3), or a membranous cleaning method, or said substrate intercepts the atmosphere or oxygen, 
it is placed into a closed system for washing of structure which discharges the atmosphere or 
oxygen compulsorily and is replaced with inactive gas. 

[0013]In the above-mentioned substrate of (1), (2), or (3), or a membranous cleaning method, 
said substrate is characterized by being a semiconductor substrate in which a semiconductor 
device is formed, or a glass substrate. 

(4) Solve with a manufacturing method of a semiconductor device having a process of washing a 
substrate which consists of semiconductors with a cleaning method of the above-mentioned 
substrate or a film, and the process of forming a film on said substrate so that it may illustrate 
to drawing 4 . 

[0014]Next, an operation of this invention is explained. He is trying for a washing solution which 
consists of non-oxidizing drugs diluted with pure water which reduced dissolved gas or dissolved 
oxygen, for example, chloride, and fluoric acid to wash the surface of a substrate according to 
this invention. When this removed a metal impurity adsorbed on the surface of a substrate, it 
was confirmed by experiment that reoxidation is not only prevented, but a metal impurity is 
removed by low-temperature washing by which evaporation of drugs is suppressed. That 
evaporation of drugs is controlled leads to lessening air pollution by drugs. 
[001 5] For example, when chloride diluted with pure water in which dissolved oxygen 
concentration was reduced was used, a metal impurity of the surface has been removed at 
ordinary temperature, without changing surface thickness and membraneous quality of an oxide 
film of a substrate. Natural oxidation film (chemicals oxide film (Chemical-oxide)) by drugs 
processing if the surface of a substrate is washed using fluoric acid diluted with pure water in 
which dissolved oxygen was reduced A metal impurity and particle of the surface have been 
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removed preventing formation. 

[0016]If dissolved oxygen concentration of the pure water which dilutes drugs shall be 500 ppb 
or less, advance of oxidation of a substrate will be prevented by diluted drugs. Before washing 
using drugs with which such dissolved oxygen concentration was reduced, other drug solutions 
may perform preliminary washing and oxide film removal for the surface of a substrate. If it uses 
pure water in which dissolved oxygen was reduced in rinsing a substrate after finishing such 
washing, formation of an oxide film will be prevented. The dissolved oxygen concentration needs 
to be 500 ppb or less. 

[0017]It is necessary to place pure water in which a drug solution or dissolved oxygen was 
reduced on the occasion of washing or drugs dispensing under environment which oxygen does 
not dissolve into it. By making a semiconductor device to a semiconductor substrate which 
passed through the above processings, improvement in a yield and improvement in the 
characteristic can be aimed at. A semiconductor substrate and a glass substrate are included in 
a substrate. 
[0018] 

[Example]Then, the example of this invention is described based on a drawing below. 
(The 1 st example) Washing by this example makes it the contents to remove the metal of the 
surface, and the contaminant of particle, without removing the oxide film formed in the surface of 
a semiconductor substrate or a semiconductor layer. 

[0019]First, drawing 1 (a) The natural oxidation film 2 which consists of diacid-ized silicon 
prepares the silicon wafer (semiconductor wafer) 1 formed in the surface so that it may be 
shown. The metal impurities 3, such as aluminum (aluminum), chromium (Cr), copper (Cu), iron 
(Fe), nickel (nickel), and manganese (Mn), were contained in the natural oxidation film 2, and 
carbon was contained in it, and particle has adhered to it out of the air further. 
[0020]And the mixed liquor which mixed ammonia (HN 3 ) water, hydrogen peroxide solution 
(H 2 0 2 ), and pure water with an oxygen content of about 8 ppm is supplied to a silicon wafer. 
Generally this mixed liquor is called "SC-1." Since a chemicals oxide film (Chemical-oxide) will 
newly be simultaneously formed while the natural oxidation film 2 is removed and particle and 
carbon are removed if this SC-1 solution is supplied to the silicon wafer 1, the natural oxidation 
film 2 does not disappear seemingly. However, the metal impurity in the natural oxidation film 2 is 
not thoroughly removed depending on SC-1 solution. 

[0021]Then, drawing 1 (b) It rinses with the ultrapure water which reduced dissolved oxygen 
(dissolved oxygen) so that it may be shown, the surface 2, i.e., the natural oxidation film, of the 
silicon wafer 1. To next, it is drawing 1 (c). The non-oxidizing detergent which has ordinary 
temperature or the degree of solution temperature beyond it in the silicon wafer 1 is supplied so 
that it may be shown. The non-oxidizing detergent dilutes and obtains non-oxidizing drugs, using 
as a solvent the ultrapure water which reduced the dissolved oxygen amount beforehand. In this 
example, dissolved oxygen concentration uses the chloride (HCI) diluted by less than 
concentration 0.1 wt% with ultrapure water of 500 ppb or less as a non-oxidizing detergent, for 
example. The solution of hydrochloric acid with little the dissolved oxygen is said to below as 
LDO (low dissolved oxygen) (low dissolved oxygen) hydrochloric acid water (dilution hydrochloric 
acid). 

[0022]If LDO hydrochloric acid water is supplied to the silicon wafer 1, the metal impurity 3 
which is sticking to the natural oxidation film 2 of the silicon wafer 1 surface will be removed. In 
this case, there are very few amounts of oxygen contained in LDO hydrochloric acid water, 
formation of a chemicals oxide film is prevented, and change is not looked at by the thickness of 
the natural oxidation film 2. Next, drawing 1 (d) It rinses again with the ultrapure water which 
reduced dissolved oxygen concentration so that it may be shown, the surface 2, i.e., the natural 
oxidation film, of the silicon wafer 1. 

[0023]Then, the surface of the silicon wafer 1 is dried in atmosphere with few oxygen densities. 
The oxygen density in the atmosphere shall be about 25 ppm, when the dissolved oxygen 
concentration of the used pure water is 1 ppb. In order to suppress advance of oxidation of the 
silicon wafer 1 surface, the permission upper limit of the dissolved oxygen concentration of the 
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ultrapure water used in the case of dilution of chloride or rinsing needs to be 500 ppb. 
[0024]As mentioned above, the elimination result of the metal impurity 3 at the time of using the 
LDO hydrochloric acid water in which dissolved oxygen was reduced is shown in drawing 2 . 
Drawing 2 shows the extraction ratio of the metal impurity 3 from the silicon wafer 1 surface at 
the time of making a silicon wafer immersed for 10 minutes to the LDO hydrochloric acid water 
containing about 0.35 wt(s)% of chloride. When the metal impurity 3 to which it was sticking first 
was 80 ** in treatment temperature, even if it was ordinary temperature, almost all the metal 
impurity 3 was removed almost thoroughly. 

[0025]Therefore, according to LDO hydrochloric acid water, even if hydrochloric acid 
concentration was ordinary temperature thinly enough, it turned out that a metal impurity is fully 
removable. On the other hand, in the conventional cleaning method which uses the solution of 
hydrochloric acid diluted with the common pure water which is not reducing the oxygen density, 
hydrochloric acid concentration is tens wt(s)%, and the extraction ratio of a metal impurity is low 
compared with the case where LDO hydrochloric acid water is moreover used at ordinary 
temperature. 

[0026]Next, the result of having investigated change of the oxide film at the time of using LDO 
hydrochloric acid water is shown in drawing 3 . Thickness and membraneous quality of the 
chemicals oxide film after rinsing this investigation after ****(ing) the silicon wafer 1 in SC-1 
solution, and drying, The surface of the silicon wafer 1 is further immersed in the LDO 
hydrochloric acid water containing about 0.75 wt(s)% of chloride for 10 minutes after that, The 
thickness and membraneous quality of the chemicals oxide film after rinsing and drying are 
measured by the FT-IR-RAS (Fourier transform infrared reflection-absorption spectroscopy) 
method, respectively. 

[0027]On the occasion of the rinsing treatment after washing by LDO hydrochloric acid water, 
super-**** which reduced dissolved oxygen to about 200 ppb or less was used, and desiccation 
was performed at it in the atmosphere which fully reduced oxygen. According to drawing 3 , when 
LDO hydrochloric acid water is used, it turns out that the thickness and membraneous quality of 
a chemicals oxide film which were formed in the silicon wafer surface with SC-1 solution 
completely are not changed. 

[0028]That is, the peak of LO phonon in wave number " 1 of 1200 cm shows the membraneous 
quality and thickness of a natural oxidation film, and it turns out after SC-1 solution processing 
and LDO hydrochloric-acid-water processing that it is almost changeless. The portion of the 
valley of TO phonon in wave number " 1 of 1 150 cm shows the thickness of a natural oxidation 
film, and it turns out after SC-1 solution processing and LDO hydrochloric-acid-water 
processing that it is almost changeless. 

[0029]The peak after the SC-1 solution processing in wave number ~ 1 of 1 100 cm shows the 
surface roughness of a natural oxidation film, and the surface roughness is canceled by LDO 
hydrochloric-acid-water processing. It turns out that only a metal impurity is removed, without 
LDO hydrochloric acid water using the ultrapure water which reduced the dissolved oxygen 
amount as a solvent changing the oxide film of a silicon wafer surface from these things. 
[0030] LDO hydrochloric acid water using the ultrapure water which reduced the above dissolved 
oxygen amounts as a solvent is effective in washing of the gate oxide 4 of the MOS transistor 
formed in the silicon substrate 1, as shown in drawing 4 . A polycrystalline silicon film is formed in 
the whole after washing of the gate oxide 4. The polycrystalline silicon is patterned after an 
impurity is introduced, and it is used as the gate electrode 5. The source layer 6 and the drain 
layer 7 are formed in the silicon substrate 1 of the both sides of the gate electrode 5. The 
numerals 8 in drawing 4 show the isolation selective oxidation film. 

[0031] Next, the degree of angle of contact of the water to the surface of the silicon wafer 
washed with SC-1 solution and the silicon wafer surface washed with 0.35wt%LDO hydrochloric 
acid water is explained based on drawing 5 . According to drawing 5 , it turns out that the silicon 
wafer surface state by which the direction washed with LDO hydrochloric acid water could 
enlarge the degree of angle of contact of the silicon wafer surface rather than SC-1 solution 
washed, and LDO hydrochloric-acid-water processing was carried out by this is good. 
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[0032]By the way, in the stage before LDO hydrochloric acid water washes, an SPM (Sulfuric 
acid-hydrogen Peroxide Mixture) solution may wash instead of SC-1 solution, or it may wash in 
order using SC-1 solution and an SPM solution. An SPM solution is mixed liquor of sulfuric acid 
and hydrogen peroxide solution. Ammonia or ammonium hydroxide (NH 4 OH) which used as the 

solvent the ultrapure water which reduced the dissolved oxygen amount instead of is used, and it 
may be made to wash the surface, without removing the oxide film of a silicon wafer surface. 
[ LDO hydrochloric acid water ] 

(The 2nd example) This example explains the surface washing of the wafer accompanied by 
removal of the surface natural oxidation film. 

[0033] First, drawing 6 (a) The natural oxidation film 2 which consists of diacid-ized silicon 
prepares the silicon wafer 1 formed in the surface so that it may be shown. Metal impurities, 
such as aluminum (aluminum), chromium (Cr), copper (Cu), iron (Fe), nickel (nickel), and 
manganese (Mn), were contained in the natural oxidation film 2, and carbon was contained in it, 
and particle has adhered to it further. Dissolved oxygen uses the fluoric acid (henceforth a 
LDOHF solution) diluted with the ultrapure water reduced by 500 ppb or less as 1st non- 
oxidizing detergent. 

[0034]And if the 1st non-oxidizing detergent is supplied to the silicon wafer 1, the natural 
oxidation film 2 of the silicon wafer 1 surface will be removed, and the metal impurity 3, particle, 
carbon, etc. which existed in the inside and the surface of it will be removed from the silicon 
wafer 1 surface. Since there are very few amounts of oxygen contained in it when using a 
LDOHF solution as 1st non-oxidizing detergent, formation of the chemicals oxide film (Chemical- 
oxide) by drugs processing is prevented. 

[0035]Then, drawing 6 (b) The silicon wafer 1 is rinsed with the ultrapure water which reduced 
dissolved oxygen so that it may be shown. To next, it is drawing 6 (c). The LDO hydrochloric acid 
water diluted with the ultrapure water in which dissolved oxygen was reduced beforehand is used 
as 2nd non-oxidizing detergent, and the surface of the silicon wafer 1 is washed so that it may 
be shown. 

[0036]If the silicon wafer 1 is immersed [ hydrochloric acid water / LDO ] in LDO hydrochloric 
acid water, when the metal impurity 3 remains on the silicon wafer 1 surface, the metal impurity 
3 is removed. In this case, there are very few amounts of oxygen contained in LDO hydrochloric 
acid water, and growth of a chemicals oxide film is prevented. Next, drawing 6 (d) The surface of 
the silicon wafer 1 is rinsed with the ultrapure water which reduced dissolved oxygen so that it 
may be shown. 

[0037]Then, the silicon wafer 1 is dried in atmosphere with few oxygen densities. In order to 
suppress growth of the oxide film in the silicon wafer 1 surface, the permission upper limit of the 
dissolved oxygen concentration in the ultrapure water used for dilution of fluoric acid, dilution of 
chloride, and rinsing needs to be 500 ppb. By the way, when pure water with a dissolved oxygen 
amount of 8 ppm removes the natural oxidation film 2 of the silicon wafer 1 surface using the 
fluoric acid (a HDOHF solution is told to below) diluted to 0.5wt%, About each when ultrapure 
water with a dissolved oxygen amount of 1 ppb removes the natural oxidation film 2 of the silicon 
wafer 1 surface using the fluoric acid (LDOHF solution) diluted to 0.5wt%, the metal impurity 
extraction ratio in ordinary temperature was investigated. 

[0038]As a result, as shown in drawing 7 , it turned out that a metal impurity extraction ratio 
becomes large in the way with few dissolved oxygen amounts of the ultrapure water which 
dilutes fluoric acid. That is, in the direction of the fluoric acid water diluted with 1-ppb ultrapure 
water, the removing effect of the metal impurity surpassed. Immersion time of the silicon wafer 1 
in a HDOHF solution and a LDOHF solution was made into 5 minutes, and the solution 
temperature was made [ both ] into ordinary temperature. 

[0039] However, by immersing a silicon wafer in the LDO hydrochloric acid water of hypoxia 
concentration for 10 minutes after that, the metal impurity which remained in the silicon wafer 
surface after washing by a HDOHF solution was thoroughly removed except aluminum, as shown 
in the left-hand side of drawing 8 . It turns out that the aluminum is also removed 99.8%. The 
chemicals oxide film formed in the silicon wafer surface with the HDOHF solution existed without 
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changing membraneous quality and thickness. 

[0040]From the first, after using a LDOHF solution, even if it performed washing by the LDO 
hydrochloric acid water of hypoxia concentration, the state where there was no metal impurity in 
a silicon wafer surface was maintained, and, moreover, an oxide did not grow up to be the 
surface. Therefore, in order to remove the metal impurity of a silicon wafer surface using a 
LDOHF solution, the washing processing by LDO hydrochloric acid water may be omitted. 
[0041 ]In the above-mentioned explanation, after washing a silicon wafer using a LDOHF solution, 
LDO hydrochloric acid water is washing the silicon wafer. However, the same effect is acquired 
even if it uses the non-oxidizing washing solution with which dissolved oxygen concentration 
diluted the fluid which mixed fluoric acid and chloride with ultrapure water of 500 ppb or less. A 
dissolved oxygen amount may use the ammonium fluoride (NH 4 F) diluted with ultrapure water of 

500 ppb or less as a non-oxidizing washing solution instead of the LDOHF solution currently 
used in this example. 

[0042]Next, a difference of the degree of angle of contact of the silicon wafer surface in washing 
processing of the above-mentioned experiment is explained. As for the degree of angle of 
contact of a silicon wafer surface, according to drawing 5 , the direction of the fluoric acid 
(LDOHF) diluted with the ultrapure water which contains dissolved oxygen by the concentration 
of 1 ppb rather than the case where the fluoric acid (HDOHF) diluted with the pure water whose 
dissolved oxygen concentration is 8 ppm washes became large. 

[0043]When the case where the case where a HDOHF solution is used, and a LDOHF solution 
were usec | as pretreatment of washing by the chloride diluted with the ultrapure water which 
reduced dissolved oxygen concentration was compared according to drawing 5 , those who use a 
LDOHF solution were able to enlarge the degree of angle of contact of the silicon wafer surface. 
Since it is shown that BEASHIRIKON is mostly exposed on the surface of a silicon wafer, that an 
angle of contact is large, Those who use a LDOHF solution can remove a natural oxidation film 
from a HDOHF solution more, and a metal impurity can be removed, without making a natural 
oxidation film form in a silicon wafer again. 

(A 3rd embodiment) At a 1st embodiment, substrate washing at the time of using LDO 
hydrochloric acid water was explained, and a 2nd embodiment explained substrate washing at the 
time of using LDOHF. According to this embodiment, the pure water of dissolved oxygen of 500 
ppb or less gives and explains the example which diluted the mixed liquor of chloride and fluoric 
acid. 

[0044]First, drawing 9 (a) The silicon wafer 1 in which the natural oxidation film 2 was formed in 
the field (100) is prepared so that it may be shown. Metal impurities, such as aluminum 
(aluminum), chromium (Cr), copper (Cu), iron (Fe), nickel (nickel), and manganese (Mn), were 
contained in the natural oxidation film 2, and carbon was contained in it, and particle has adhered 
to it further. And dissolved oxygen uses the mixed solution (henceforth LD02 liquid mixing 
medicine) of the fluoric acid diluted with the ultrapure water (LDO water) reduced by 500 ppb or 
less, and chloride as a non-oxidizing detergent, it is under [ LD02 liquid mixing medicine ] setting 
— fluoric acid concentration — 0.1 wt% and chloride — 0.35wt% — it is contained. 
[0045]And if LD02 liquid mixing medicine is supplied to the silicon wafer 1, the natural oxidation 
film 2 of the silicon wafer 1 surface will be removed, and the metal impurity 3, particle, carbon, 
etc. which existed in the inside and the surface of it will be removed from the silicon wafer 1 
surface. Since there are very few amounts of oxygen contained in the LD02 liquid mixing 
medicine, the chemicals oxide film (Chemical-oxide) by drugs processing is not formed. 
[0046]After that, it is drawing 9 (b). The silicon wafer 1 is rinsed with the ultrapure water which 
reduced dissolved oxygen so that it may be shown. When the effect of the remove metals by the 
above LD02 liquid mixing medicine was investigated, a result like drawing 10 - drawing 1 3 was 
obtained. The temperature of the LD02 liquid mixing medicine in this case was 60 **. 
[0047] Drawing 10 is an experimental result at the time of removing the metal of the surface of 
the silicon wafer 1 in which a p type impurity like boron is contained. Iron (Fe), chromium (Cr), 
and manganese (Mn) were removed 100% among the metal on the silicon wafer 1, as for 
aluminum (aluminum), nickel (nickel) was removed further 99.98% 99.99%, and copper (Cu) was 
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removed 99.8%. In this case, the thing with a copper low extraction ratio is because copper has 
an ionization tendency which is easy to combine with the hand of silicon. 

[0048]The rate of remove metals when the natural oxidation film 2 is immersed into the SC-2 
liquid currently used conventionally was written together to drawing 10 . SC-2 is the solution 
which mixed concentration 36wt% of chloride, concentration 35wt% of hydrogen peroxide, and the 
water of 8 ppm of dissolved oxygen at a rate of 1 to 1 to 5. Drawing 1 1 is an experimental result 
at the time of removing the metal of the surface of the silicon wafer 1 in which arsenic and a n 
type impurity like phosphorus are contained. According to drawing 11 , most differences of the 
rate of remove metals by difference of the impurity of a p type or a n type in which the 
extraction ratio of the metal on the silicon wafer 1 is included in the silicon wafer 1 were not 
seen. It was almost the same as drawing 10 . 

[0049]The rate of remove metals when the natural oxidation film 2 is immersed into the SPM 
liquid currently conventionally used as a drug solution was written together to drawing 1 1 . 
Drawing 12 is the experimental result which investigated how the rate of remove metals on the 
silicon wafer 1 would be different by the difference in the temperature of LD02 liquid mixing 
medicine. In this experiment, LD02 liquid mixing medicine (25 ** and 60 **) was used. 
[0050]According to drawing 12 , the rate of remove metals excellent also in ordinary temperature 
(25 **) was obtained, but it turns out that the one where temperature is higher becomes still 
higher still in the rate of remove metals. The rate of remove metals when the natural oxidation 
film 2 is immersed into the dilution fluoric acid (DHF) liquid currently conventionally used as a 
drug solution was written together to drawing 1 2 . Drawing 13 is the experimental result which 
investigated how the difference in the temperature of LD02 liquid mixing medicine would 
influence the extraction ratio of copper on the silicon wafer 1 [ copper being hard to be 
removed ]. In drawing 13 , when the surface of the silicon wafer 1 was processed with the LD02 
liquid mixing medicine heated at 60 **, copper has been removed 100%. And copper of the 
surface was removed thoroughly, without the impurity in the silicon wafer 1 being influenced by a 
p type and the n type. The rate of remove metals when the natural oxidation film 2 is immersed 
into the dilution fluoric acid (DHF) liquid currently conventionally used as a drug solution was 
written together to drawing 12 . Even if it compared the extraction ratio of DHF of the ordinary 
temperature, and each copper of the LD02 liquid mixing medicine of ordinary temperature, the 
direction of LD02 liquid mixing medicine was excellent. 

[0051] As mentioned above, if LD02 liquid mixing medicine is used, a metaled extraction ratio will 
become high. This is because the hydrogen group of chloride combined with the hand of the 
silicon of the surface of the silicon wafer 1 and has prevented the reattachment of the metallic 
element to the silicon wafer 1 surface while a natural oxidation film is removed by fluoric acid 
and reoxidation is prevented by LDO water. This as a drug solution for removing the natural 
oxidation film 2 on the silicon wafer 1, About each at the time of using it with 25 ** LD02 liquid 
mixing medicine, 60 ** LD02 liquid mixing medicine, and DHF currently used conventionally, 
when the angle of contact of the silicon wafer 1 surface is investigated, it is clear also from the 
result as shown in drawing 14 having been obtained. According to this, it turns out that the angle 
of contact of the surface of the silicon wafer 1 processed by the LD02 liquid mixing drug 
solution becomes very larger than the angle of contact of the surface of the silicon wafer by 
which DHF processing was carried out, and water repellence becomes high. 

It is necessary to perform preparation and washing in (the 4th example) and time in environment 
which oxygen does not dissolve into ultrapure water and a drug solution at the time of 
preparation of a detergent and washing. 

[0052]In the closed system which can replace inactive gas and oxygen gas by environment which 
dissolved oxygen does not dissolve, for example, It seems that a thing like inactive gas curtain is 
formed on a liquid chemical tub or a rinse tank, and the dissolution of oxygen is prevented by 
spraying inactive gas, such as nitrogen and argon, on a liquid chemical tub or a rinse tank. Next, 
an example of the washing station which adopted the structure of preventing the dissolution of 
oxygen is explained. 

f0053] Drawing 15 shows the outline of the washing station of single wafer processing provided 
with the spinner. In the syringing room 1 1 of the washing station of drawing 15 , the circular plate 
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13 by which it drives by the actuator 12 and number of rotations is controlled is attached, and 
semiconductor wafer W which is a candidate for washing is laid on it. The nozzle 14 for liquid 
supply is attached above the circular plate 13. 

[0054] Liquid, such as a penetrant remover and pure water, is supplied to semiconductor wafer W 
on the revolving circular plate 13, and it comprises the nozzle 14 for liquid supply so that the film 
of liquid may be formed in the surface of the semiconductor wafer W. The nozzle 15 for gas 
supply is arranged around the nozzle 14 for liquid supply, and it comprises the nozzle 15 for gas 
supply so that a non-oxidizing gas like nitrogen or argon may blow off and the inside of the 
syringing room 1 1 may be made into hypoxia concentration. 

[0055]Thereby, in the syringing room 11, the amount of oxygen is controlled so that the 
dissolved oxygen concentration of the solution in the syringing room 1 1 is not set to not less 
than 500 ppb according to a Henry's law. Dissolved oxygen concentration is possible for the 
measurement up to 0.1 ppb, and can also use concentration not more than it. The relation of the 
oxygen density at 25 ** and dissolved oxygen concentration by a Henry's law is shown in 
drawing 1 6 . The vertical axis and the horizontal axis are expressed as the logarithmic scale. 
[0056] Drawing 17 shows the outline which looked at the washing station of the batch type from 
the top. In the washing station of drawing 1 7 , the semiconductor wafer which has been arranged 
by turns and immersed in those tubs is put into the rinse tanks 17, 19, and 21 for putting in the 
liquid chemical tubs 16, 18, and 20 and pure water for putting in a detergent and other drug 
solutions in the drying room 22 for desiccation at the last. Above the liquid chemical tub 20 put 
into a detergent, and its next rinse tank 21, The gas pipe 23 is arranged so that those tubs may 
be surrounded, two or more blow-of-gas holes are formed in the undersurface of the gas pipe 
23, a non-oxidizing gas like nitrogen or argon is sprayed from the blow-of-gas hole, and non- 
oxidizing gas curtain is formed. 

[0057]And the oxygen density of atmosphere is controlled by the atmosphere of the liquid 
chemical tub 20 surrounded by the non-oxidizing gas, and its next rinse tank 21 so that the 
dissolved oxygen concentration in a solution is not set to not less than 500 ppb according to a 
Henry's law. Semiconductor wafer W is stored by the basket 24. Drawing 1 8 shows the outline of 
the washing station of a one bus method. 

[0058]In the washing station of drawing 18 , semiconductor wafer W stored by the basket 25 is 
placed into the cistern 26, and the cistern 26 has the system closed at the time of washing. The 
liquid exhaust pipe 28 for discharging the liquid feed pipe 27 for supplying a washing solution or 
the pure water for rinsing and these is connected to the cistern 26. The liquid feed pipe 27 has 
the dual structure of the inner tube 27a and the outer tube 27b, the penetrant remover or pure 
water in which dissolved oxygen was reduced is supplied to the inner tube 27a, inactive gas is 
enclosed between the inner tube 27a and the outer tube 27b, and oxygen permeates the inner 
tube 27a. 

[0059]The detergent and the pure water for rinsing which were supplied in the cistern 26 through 
the liquid feed pipe 27 by this are full of the cistern 26, and contact with the open air is 
prevented. At the time of washing, in the cistern 26, a washing solution or the pure water for 
rinsing is full, and in it, semiconductor wafer W is fixed-time-placed, and is washed or rinsed. 
Although the drug solution diluted with the ultrapure water which reduced the dissolved oxygen 
amount, or this ultrapure water is used for these devices, when using the ultrapure water which 
reduced other dissolved gas, or the drug solution diluted by this, the above-mentioned washing 
station may be used for them. 

[0060]The general thing used when washing electronic parts as a drug solution is also included. 
The above-mentioned silicon wafer is a semiconductor substrate in which a semiconductor 
device is formed. The above-mentioned cleaning method may not be restricted to a silicon wafer, 
and may be used for washing of the glass substrate in which TFT (thin film transistor), an 
exposure mask, etc. are formed, and the surface washing of the film formed on the substrate. 
[0061] 

[Effect of the Invention] Since the washing solution which consists of non-oxidizing drugs diluted 
with the ultrapure water which reduced dissolved gas or dissolved oxygen, for example, chloride, 
and fluoric acid washed the surface of the semiconductor substrate according to this invention 
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as stated above, When removing the metal impurity and particle which were adsorbed on the 
surface of the semiconductor substrate, oxidation can not only be prevented, but low- 
temperature washing can remove a metal impurity and particle. 

[0062]Before washing a semiconductor substrate using the drug solution in which such dissolved 
oxygen concentration was reduced, even if other drug solutions perform preliminary washing and 
oxide film removal, the same effect is acquired in the surface of a semiconductor substrate. If it 
uses the pure water in which dissolved oxygen was reduced in rinsing a semiconductor substrate 
after finishing such washing, oxidation of a semiconductor substrate surface can be prevented. 
[0063]In the case of washing or drugs preparation, if the pure water in which the drug solution in 
which dissolved oxygen concentration was reduced, or dissolved oxygen was reduced is placed 
under environment which oxygen does not dissolve, reoxidation can be prevented. 



[Translation done.] 
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^#^*»8ppm <73M*lc:ioTO. 5wt%t:i#r3R£ft 
fc7y» («Tt, HDOHFMtV^) LT 
v'!)3yi7x/NlWgM{«2^*Lfci^ 

^#^**ippb ©i^iaoto. 5wt%(c# 

(LDOHF^jR) ^ftiLT->^y 

*/m saw g mmtm 2 Lts^otn^H 

[0 0 3 8] 0 7tc^-TJ; 7-7^?r# 

i^^Jiiii^ofc, o49, lppb <DM 

*S&*#ftofc. /«Cfc\ HDOHFgfHDOHFg 
5 ay^^l ©a^R#^li5^t L, 

[0 0 3 9] L^i^L, HDOHF^fCi^gfejf-tKc^ 

3 y v ^zmmm8.<D l d ottstfciz. 1 0 ^iwa* 

W^(i^l-I^**nfe 0 *©T/U5 =!7At 9 9. 8 

mw&rmm$:&z.-r\zft& l^„ 

[0 0 4 0] ttJ;9, LDOHF»»SrffifflUfcSI 

ft. Lj5^, t:©*ffitc{±^!fei#^-t-5 r fcfi/j:^ 
ofe„ tot, LDOHFMOTUv'P^yi)! 
^*ffi©^JR^*E^i*^*-r5fe»{cfi, LDOSl* 
tci 5 gfe^SSr€B& L T t i V \ 
[0 0 4 1] /j;*J, ±ELfcRWCf±LDOHFSSRS: 

iUi/y 3^17i/>^}5fe^LTV^ 0 L^^L, 7ytt 

mm*m>&Ltcwi#-zmftMmmmtf5 o o PP b «t© 
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DOHFitft©^ 1 )^ 5 OOppb SIT 

©S#fi*lCj;o-C*«Lfc7y^T^=^i>. (NH< F) 
Sr*MMbft*«R t LTffiffl LT t> 4 v \ 
[0 0 4 2] &tC, ifSLfc^roi^^at^ltSv- 
y =^^*^SiBoSS»ft*«>tt*SrRWi-6. 0 5(c 
4*U4\ 8 ppm W^tKI'J; <9*fR£;ftfc 

7y| (HDOHF) t iotffi^tSi^J: 

S>|£ (LDOHF) O^V'J ay^iASlrogftfe^ 
«tt*#<*ofc D 10 
[0 0 4 3] *fc, 0 5(c4tU4\ ^#®£*lg&fgM 
LfcS^TktcJ; iJ^JRLfctaifttr J;5j5fe#«)fl([*!!.ai: L 
T, HDOHFjgjSSrftffltii^iLDOHFSffit 

fttflzt^kl/^OZ.bi*, ->y => V-^/^SffiCl^T 
DOHFtti 9 t LDOHF*«S:(efflLfc^S«t 9 

(4, LDOHF&fflWd§^OK«^(CoV>Tl£ejL. 
fc. *H16^Jgt?tt, 5 0 Oppb WT»)t#^*CO|ie7K 
(c 4 o riWI £ 7 ?B0ft£-tt&*ft Ufc0iJS:^»f TR 

[0 0 4 4] *"f, 0 9 (a) (C*-f4 (10 0) 

B^a*saMkK2*s^$nfc^y 3^9*^1 Srfflst 

1"5o *K>i^iMkK2tCJ4, T^5-"?^ (Al) „ * 
DA (Cr) , m (Cu) % ft (Fe) , =-y^JV (Ni) , -v 30 

»#Bft*#5 0 Oppb WTS-ffi^tlfciSM* (LDO 

L D O 2 t ^ 5 ) Sr*IWbttSJIsJMI £ L-T-K 

ffl-T5„ ^OLD02M^|p B B I f 1 l;iJ^T, 7^16* 
SfiO. lwt%, &®H4 0. 3 5wt%-g-4tvTV^5„ 
[0 0 4 5] ^Lt, LD0 2SMI n U->!i3^? 

IR2iS|ft*Six, *©*^ffifc#ftLfc&JR*#fi!ft 40 
3, /•<— r^^/K ^MS->!)3y>x/NlSffi^ 

emical-oxide) f4flM$ft4V\, 
[0 0 4 6] ^<D^(C, 0 9 (b) (d^-f 4 5 fc, j£#SI 

-TSo ^±<75J; 5*LD0 2^^p p B tCj;5^Jil^* 
waSSril^fctr.^ 110~@13Oi?^*« s 
#e>ft7t 0 r ol^-ro l D o 2 $?i!S-g-|| D 0 pCDffij£li 6 o 

°CT?fcofc 0 50 
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[0 0 4 7] 01 0(4, *<7§j?£>4 5 4pi5Ftt*^t 

(Fe) , (Cr) , (Mn) (4 1 00%ii 

£6>(^ TA-$-<7A (Al) 149 9. 9 9%, - 
y>T)V (Ni) (49 9. 9 8%^*$^ M (Cu) (4 9 
9. 8%|^*$tvfc 0 ^COl^Sfe^Mfi^W 
(4, ->y ^>-©#(;:^L^1-W:*Wkffift£$M^ 

[0 0 4 8] 4*5, ^5feffiffl$nTV^5SC-2^cf(C 

s«awui2 srsat Lfc»&©&jwst**sria i o \m 

SELfc 0 SC-2(4, itS 3 6wt%(D^t, ift^ 3 5 

5 0«^fi^Lf«ffc5„ 01 1(4, at*, *© 

&JRtl»*Lfc»#«>*WS*T?*)5. 01 l l^iti 
(4\ ~>y a^i/M ±<Z>&JR©Bfc**l4, ->y=">i? 
*^ 1 fc£S*l,3 P SX(4 n^<7?^Mf3(Dti»(C 4 5& 
MBfc**©Stt»4rAfe*t>M»ofc. 01 OfcKtfPIi: 

[0 0 4 9] 4Jb\ ne*IHft4:L-C«ffl**t"CV^5SP 

lKcfpfSLfco 012(4, LD0 2M^i» B p©fig 

T'(4, 2 5 °C i: 6 0 °C GO L D O 2 ^iii^p a p4rftffl L 
fc. 

[0050] 012 (C 4tU4\ £?S (25 °C) 

i:UTftfflS*lTV^*R7y« (DHF) f^tcg^ 
&{U£ 2 Srft* Lfc«-^(Z)^*l»**^0 1 2 fcflHE L 
fc 0 013(4, mt>mt:£hM^k\,^^kKmgL 
T, LD0 2SHM» D p©fiS©»V^ 5 , S/!l=>!>s 
l ±©«l©l^**lci f ©4 5 tdjKSi-SA^W^fcH 

K)B*-efc5o 013(C$3V^T, 6 0 o C(C*PS*lLfcLD 
O 2 «jB^Hfp»C iD^llayj's/M W*ffiSrMS1- 

AlrtO^WpI, nS(C^#$tL-f(-, ^©*ffi 
©«*s^±fc|»*5ixfc. 4*3, ^**?SiLTffiffl$ 
nTV^5*«?7y» (DHF) ffi4>(Ci^Kft||2 *g 
*Lfc«-^c7?^S^**^01 2(C#SaLfc„ 
©DHF k%U<DLDO 2ffiM&MS*<DZ:tl?tl<Dm<D 
»±*S:W:RL-Ct>, LD0 2ftgMD C p<OWItlt 

[0 0 5 1] J^±W4 5(C, LD0 2«S-||p B p£ffl^ 

piUW^i^, LD07k(c4oTSK^Klh 
^tiSttttc, ittKro*itiSas^y ^y^Aici 
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COUffit LT, 2 5tWLD0 2«S^Ia B Di:, 6 0°C 
OLD0 2M^l n B pt > fe*ttffl3*bTV*fiDHF4: 

Zm^tc t r 3, 014 [c^-f- i 5 
fcbftfci^fe'b itUcfcfttf, LD 

O 2«JI#SI«t ioTMSiifcv'!) 3^!>xa l O 

ffi©g$fe3 <t D < 4 5 , «*tti«ifi5 < 44 10 

(3?4HffiW tr5T\ j!lEfWW©il^K**i*U: 

[0 0 5 2] *#»*;&nS#Lft^J;5fcSII#i:ttx 0* 
[0 0 5 3]S15I1 ^ if-*— SrilAfc^dllSroas* 

guroSEssr^L-cv^. h 1 5 oas*s«oas*s i 

[0 0 5 4] «ftlo-fflyXVH4^P)ll 
R^Xl— h 1 3±©¥^ft£^Wl£ft#^M*4 30 

ffl y X/u i 4 ©JSHtli^ffnl&ffl / x> i 5 frmWZ 
©i? fr^gHMfetfX^Pfttfj lt«5*S 1 1 

[0 0 5 5] zixKlV. WfrMi lfttcti, ^yy- 
©SfcHiJfcf£o-Cifci£g l i 5 
o Oppb j^±{c^6>^v^J;5(c^**^*JW$tiT^ 

5„ mtf&mmmi, o. i PP b *T?<osisiipr 40 

y V -©fljftlK £525 "CKlfctt £ JSfflfc* 

it£<758f#ti0 l 6l:*tJ:5t4oTv^. **s % % 

[0 0 5 6] H 1 7 fit, ^y^Oft^g&i^bjl 

mzvmnmmzAftztc&nmmsi 6, is, 20 

kn&*AhZtz#><Dfcffi§ 1 7, 19, 2 1t^I 

(cgas * n & ©arcs* $ 9 *^tt* 
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^^7wh.fen*SieWt2 0i:-to»©*jJIMf2 i©± 

ik&tfXZfr%<>ttXl¥fflk&tfx*-T>Z]&i£LX 

[0 0 5 7] ^Lt, -tw^^k^^lcioTHJix 
fcl!&^2 0 £*©»©*ife«2 1 ©*H«ttC|±, 
y -©fefliJlCt£oT^+©$#»**£# 5 0 Oppb 

[0 0 5 8] 01 8©ft#-ggfC*3V^T, '<*^y h 2 
5 iCJtX#3$tvfc^#:'7^^Wli^2 6 ftlcgfltfl, 

5. 4fc, ffl§2 6tcfi, ft#?g$XI2*ftfflM*£« 
5fc * 2 7trttfefc#ai-5fcJ?)©« 
#U*2 8aSSNKSiXTV^ 0 2 7 ttrt* 

2 7 a t^f 2 7 b©-fi*ii«:*rU I*lf2 7allli 

[0 0 5 9] rtUCj^ffitfei&f 2 7^Iot$»2 6 

x¥mftt*^wte-feftmm*tixmftxte7i<.ifc£ti 

[0 0 6 0] lSiLTHMp D p?r»t5l 
5<, ±ffitfcftj#-*S(i, ~>y 3Vi7^^^IS5tcoT 

I4fr<, TFT(thin film transistor) s 

tz.m<D^mmm ^x t =t v \ 

[0 0 6 1] 

Srte« L fc«tt* «t o T $ ix fc 

*fb*te±*ix5«it-c4<, te?aft 

[0062] 5 te®ftmmmm&i&Mztitcmm 
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mm£{&<nmnmmz- i o x^mmft^mtrnw^zfi 

[oo6 3] &#gicWiii#J!)^^tc(i, ?§# 

[01] El Ka) ~(d) fi, *%W<DmiMMBM<Dfc 
[0 2] 0 2it i iMio^itt i 5 

[0 3] 0 3(1, *^K<D^l^Jte^ffiOj5fc^iC«tS 

[0 4] 04(1, ^^©^l^Jfe^SrMOS h?y 
[0 5] 0 5(1, *%K©HJfi^ffii:e**S^J;Ua 

[0 6] 06(a) ~(d) (i, ifwmmznwMi&nfc 

[0 7] 0 7(1, *«^W^2HJSff^(7)gfe#(Clfleffl$ 
ft 5 #R7 y M t 7 y J: 5 <z>& 

[0 8] 0 8(1, *HBJ0^2|USff^(v:*5^THDO 
HF(Cj;5>'!)3Vl)i^MHDOHFia5-> 

[0 9] 0 9 (a), (b) (1, *«W©*3HK5J^J8oifc#- 
Xg^^-TirE0T:-fc5„ 

[0io] 0i od, *mw<D%i3mMtenKts^xm. 
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*m, 7 yMRX/LD07kfrbte5>M.&mz£'oXmfr& 

[01 1] 01 1(1, *|gPJc0^3*Jfeff^(C*5V^-t^ 
ft. 7 7WLDO«^/i5S^«iaoT»^ 
ftfcpMv'y a^r^/NStBi:, S PM^(CloT55fe# 

10 [01 2] 01 2(1, ^HOgS^gftlCttV^-C* 
7y»XtrLDO*36»e)4*#a©a^*i: 6 0°C 

[01 3] 01 3d, if-wmmzmMm^^xm. 

i©^i$^/ft^7 7t?fc5„ 
20 [01 4] 01 4(1, *!§0JcD^3^J£^ffit^*S#f 

tci >9gfe#$n/c^y ^y^^^<Dm^i^-tmxh 

[015] 01 5(1, *^3J©j5t#^feSr^-r5fc* 

(DVcwmwnw, i ^^*i-m5«fi!c0T-fe2, o 
[016] 01 6n, mmn.fhx<Dmm»mtm^^ 
&mmmm<nrm%*i-mxhz> 0 

[017] 01 7(1, *3SM©ffi#-*jfeSrSllSi-5fe«> 
[018] 01 8(1, *5SW©ft#^ifeSrlljtei-Sfc«> 

30 ©a^«©»3««r*twi»*iaT?*>*. 
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